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This invention has to do with improved meth-
ods for effecting maximum separation, by elec-
trica] precipitation, of contaminants from oas
streams while benefiting generally the separa-
tion system and equipment, and is directed par-
ticularly to such séparation from high temper-
ature gases of contaminants including dirt and
dust particles, as well as fume resulting from
vaporization or sublimation of compounds and
elements of essentially mineral or inorganic nga-
ture. While applicable to the improvement of
electrical precipitation systems for cleaning high
of various compositions and
the invention has been developed with
one particular objective, among others, of re-
moving dust and fume from Portlangd cement
kiln gases, and accordingly will be described with
reference to that typical adaptation.

The customary methods for separation of dust
and fume from the kiln gases hefore their re-
lease to the atmosphere are the s50-called wet
and dry systems, the former utilizing relatively
great quantities of water for separation incor-
borated in the cement forming materials. The
present invention ig concerned with essentially
dry systems employing electrica] precipitation
of the contaminants from gases that may have
controlled humidification.

In a conventiona] dry separation system, hot
gases (at a temperature €. 8. In excess of 1000°
F.) are taken from the kiln through an outlet
duct containing g fan or blower, and discharged
through an electrical precipitator, say the well
known Cottrel] precipitator employed for the
Separation of dusts and fumes. has been nec-

narily adds considerably to the gas volume
finally discharged into the atmosphere. |
Also, ordinarily '

eration of the brecipitator, and particularly
with respect to fume removal, is controlled hi-
midification of the gas stream going to the pre-
cipitator. The usual expedient has been
water into the gas stream between the kRiln and
precipitator and in quantities required for the

necessary gas humidification. One very objec-

tionable result of this practice is the accumula~-
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tion of large quantities of muds and slurries in
the water Spray chambers, and the problems in-
cident to disposal of the mud.

By the present invention it is now made pos-
sible to obviate these objectionable aspects of
the conventional methods, by providing esgsen-
tially g truly dry system, capable nevertheless
of the required gas humidification, which re-
Sults in a reduced gas volume release to the at-
mosrhere, and substantially complete eliming.-
tion of mud or slurry aceumulations.

According to the present system, the kiln
£a3S€S carrying separable dust particles and fume
are discharged to an electrical precipitator by a.
fan or blower in an interconnecting duct which
may or may not also contain in advance of or
beyond the fan, a mechanieal dust separator,
for example of the cyclone type. One portion
oI the clean gases leaving the precipitator is
discharged to the plant stack, while 2 second
bortion of the clean gases is recirculated through
a return duct into the clean gas stream at a
pomt in advance of the fan, and preferably into
the kiln end housing. Humidification of the
gases going to the precipitator, and o a degree
required for its most efficient operation partic-
ularly with respect to fume removal, is accom-
plished by the introduction of moisture to the
recireulated Sases, preferably within the re-
turn duct as by means Of a spray chamber. Re-
Ing introduced into the clean gases containing
minor or inconsequential solids, the injected |

slurry formation, thus obviating the objection-
‘ accumulations in the conventional
Systems as previous outlined. Thus while hav-.
ing sufficient moistyre content to humidify and
Cool the kiln discharge gases to the required
extent, the recirculated gas stream contains ne
liquid moisture tending to wet and form mud’
accumulations or solids in the Kkiln-precipi-~
tator duct. Consequently, the system operates
essentially dry. |

All of the various features and objects of the
invention, as wel] as the details of certain il-
lustrative embodiments, will he understood more

fully from the tfollowing description of the a,C~

Fig. 2 is a similar view showing the applica-
bility of the invention to the operation of mul-
tiple kilns employing clean gas recirculation in
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a4 corresponding number of precipitators to a
single pressure equalizing chamber.

Referring to Fig. 1, hot gases carryving separa-
ble dust and fume in the Portland cement clink-
ering kiln 10 are discharged through the kiin end
housing. t{ to be displaced by a fan oOr blower 12

throuch duct 13 into the elecirical precipitator

i4 e g 2 Cottrell precipitator.
ates to separate practically 511 dust from the gases
and at least & major portion of their fume con-

‘ portion of the

through duct 19 to the stack 16.

trollable as by means of a damper (1 1n duct 19,
is recirculated pack into the kiln hot gas stream
through a return duct i8. The 1atter contains
5 fan or blower |9 which displaces the gases
through 2 humidifying zone 20 which may con-
sist of a spray chamber into which water is in-
in finely di
pletely yaporized in the gas stream.
of water introduced 10 the spray chamber may be
so controlled that when introduced to the kiln
gas stream, the recirculated gases will raise the
humidity of the gaseous mixture fed to the pre-
cipitator, to within the range required for most
efficient operation of the precipitator, and par-
ticularly with respect to its fume removing ca-
pacity. preferably, the recirculated gas is in-
troduced through duct 18 into the kiln end hous-
ing {1 and 1n advance of the fan {2 in order 1o
cool the kiln gases helow temperatures injurious
to the fan.
The following flow rates, temperatures, hu-
midities and so forth may ne cited as typical oper-
ating conditions applicable 1o the described sepa-
ration and recirculation system. In a typical In-
stance hot gases containing about 16.5% water
may be assumed to flow from the kiln at the
rate of 68,000 C. F. M. (cubic feet per minute)
and at a temperature of 1500° F. Including the
recirculated gas <tream, the gases flow through
duct 13 to the precipitator
C. F. M. at 660° I, as a result of humidification
by the recirculated streamms the gases fed to the
precipitator have a water content of apout 22.9%.
That portion of the clean gases discharged to the
atmosphere through the stack {6 may amount 1o
about 53,000 C. F. M. at 620° F., with moisture
content of 22.9%. A second portion of the gases
at this same temperature and humidity may be
recirculated into duct {8 at the rate of around
44,800 C. F. M. Introduction of water to the spray
chamber 20 at the rate of around 14 gallons
per minute produces a 848 stream recirculated
into the kiln end housing at the rate of about
33200 C. F. M. at & temperature of around 200°
F. the water content of this stream being about
32%.
~While it is to be understood that complete cool-
ing of the hot Kiln gases to the extent required,
may he accomplished by means of the recirculated
and humidified gases, if desired some atmospheric
cooling or tempering air may be admitted to the
kiln gas stream as through line 20 leading into
the kiln end housing. Merely as illustrative, un-
der the particular operaving conditions assumed
in the foregoing, 80° I »tmospheric air may be
introduced to the kiln end at the rate of around
4700 C. F. M.
Fig. 2 illustrates & variational embodiment of
the invention directed particularly to the sepa-
ration and recirculation of gases OY essentially

the procedure described with reference to Fig. 1,
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precipitator system. Here
kilns and end housings 21,
and 26
29 and

in a multiple kiln and
the hot gases irom the
29 and 23, 24 are discharged by fans 25
throueh ducts 21, ip]

30. Portions of the
precipitators are discharged through intercon-
necting duct 31 to the stack 32. The remaining

clean gases ale recirculated by fans 33 and 34
through ducts 35 and 36 to the spray chambpers
371 and 38. The humidified gas streams flow from
the spray chambers to g, common pressure equal-
izer chamber 39 which preferably is vented to
the atmosphere. The mixed gas streams thence
are taken through duct 40 for delivery into the
kiln gas streams going to the precipitator. In
Fig. 2 we have illustrated dampers 4{ at various
locations in the system for regulation of the pro-
portions of the gas streams to be recirculated and
the proporfions to be returned to the Kiln gas
streams, these dampers also being SO located as
to permit isolation of all or any part of each kiln,
precipitator and spray chamber system from the

If for any reason either recirculation fan or
spray chamber <hould cease to function properly,
the volume of humidified gas keing returned
through the other recirculation duct may be 1n-
creased to adequately S€rve to cool and humidiiy
the streams going to noth precipitators, and with
or without the a.ddition of tempering air. On the
other hand, should the recirculation gas require-
ment for either kiln and precipitator system be
interrupted, then all excessive amounts of gas
being returned through both recirculation sys-
tems, may be vented to the atmosphere from the
pressure equalizing chambher 39.

Speaking generally of the operating conditions
to be maintained in the described systems, the
rate of the clean gas recirculation, its tempera-
ture and humidity, will be regulated to reduce
the hot gas stream temperature well below 1000°
F., and preferably helow 700° F., and to increase
the humidity oi the mixture going to the elec-
trical precipitator as required for its most effi-
cient operation. Ordinarily, the addition of mois-
ture by way of the recirculated gases will be gov-
erned to maintain the water content of the gases
passing throucgh the precipitator between about
159% to 30% by volume of the gas.

We claim:

1. In the operation of a Portland cement plant
comprising a plurality of clinkering kilns each
communicating with its individual electrical pre-
cipitator, the method that includes passing a
stream of hot gas from each kiln through an
electrical precipitator operating to remove dust
and fume from the gas, discharging to the at-
mosphere a portion of the clean heated gas flow-
ing from the precipitators, mechanically recir-
culating separate streams of a second portion of
the clean gas from said precipitators into a com-
mon chamber and thence into said hot gas
stream, and humidifying the recirculated gas by
introducing water thereto and vaporizing the
water by sensible heat of the gas.

2 In the operation of a Portland cement plant
comprising a plurality of clinkering kilns each
communicating with its individual electrical pre-
cipitator, the method that includes passing a
stream of hot gas from each kiln through an elec-
trical precipiator operating to remove dust and
fume from the gas, discharging to the atmos-
phere a portion of the clean gas flowing from the
precipitators, mechanically recirculating separate

streams of a second portion of the heated clean
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gas from said pbrecipitators into 8 common cham-
ber vented to the atnosphere
said hot ggs stream, and humidifying the re-

3. The combination comprises a Portland
cement clinkering kKiln, an electrica] Precipitator,
a main duct through which hot gases flow from
sald Kkiln to the precipitator, a fan in sald duct,
a dlscharge duct leading from the precipitator
and containing gas at a temperature consider-
ably in excess of the boiling temperature of water,

gas stream in advance of the
In said circulating duct, ang means for intro-
ducing water into the clean gas stream in the
recirculation dyct for vavorization by the sensi-
ble heat of the gas rec.rculated by said second
fan,

fan, a second fan

clean gag recirculation duct leading from said
discharge duct into the outlet

a second fan in said recirculation duct, and
means for introducing water intfo the clean £as
stream in the recirculation duct for vaporization
by the sensible heat of the gas recirculated by
sald second fan.

9. The combination comprising a pair of Port-
land cement clinkering kilns, an electrical pre-
cipitator for each Kiln, '
which gas flows from each kiin to its precipi-
tator, a fan in each duct, discharge ducts lead-
ing from the Drecipitators ang containing gas
at a temperature considerably in excess of the

end of the kiln, 4

10

20

40 Number

for introducing moisture to and for vaporization
by the heated gas recirculated through said re-
circulation ducts and in advance of its admixture
with the kiln gas.

6. The combination, comprising a pair of Port-
land cement clinkering kilns, an electrical pre-
cibitator for each kKiln, a main dyct through
which gas flows from each kiln to its Precipitator,
& fan in each duct, discharge ducts leading from
the precipitators ang containing gas at a tempera.-
ture considerably in excess of the boiling tem-
perature of water, '

leading from said discharge ducts to said cham-
ber, means conducting gas from saig chamber
into the kiln gas siream in advance of said fans,
fans displacing gas through said recirculation
ducts and chambers, and Imeans for spraying
water into the heated gas being recirculated and
10r vaporization by the sensible heat of the gas.
HARRY ER. KAISER.
WILLIAM C. CAMPBELL.
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